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Technical Field 

[0001] The present invention is directed to cooling assemblies and other apparatus used 
for removing heat from electronic devices and modules. More particularly, this invention 
relates to an enhanced thermal dissipation assembly and fabrication method for extracting 
heat from a heat generating component disposed within an electronics drawer of a multi- 
drawer electronics rack. 

Background of the Invention 

[0002] As is well known, as the circuit density of electronic chip devices increases in 
order to achieve faster and faster processing speed, there is a correspondingly increasing 
demand for the removal of heat generated by these devices. The increased heat demand 
arises both because the circuit devices are packed more closely together and because the 
circuits themselves are operated at increasingly higher clock frequencies. Nonetheless, it 
is also known that runaway thermal conditions and excessive heat generated by chips is a 
leading cause of failure of chip devices. Furthermore, it is anticipated that demand for 
heat removal from these devices will increase indefinitely. Accordingly, it is seen that 
there is a large and significant need to provide usefiil cooling mechanisms for electronic 
circuit devices. 

[0003] Each new generation of computers continues to offer increased speed and 
fimction. In most cases, this has been accomplished by a combination of increased power 
dissipation and increased packaging density. The net result has been increased heat flux 
at all levels of packaging. For example, a common packaging configuration for many 
large computer systems today is a multi-drawer rack, with each drawer containing one or 
more processor modules along with associated electronics, such as memory, power and 
hard drive devices. These drawers are removable units so that in the event of failure of 
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an individual drawer, the drawer may be removed and replaced in the field. The problem 
with this configuration is that the increase in heat flux at the electronics drawer level 
makes it increasingly difficult to dissipate heat by simple air cooling. 

Summary of the Invention 

[0004] The needs of the prior art are addressed, and additional advantages are provided, 
by the present invention which in one aspect is a thermal dissipation assembly which 
includes a first liquid cooling subsystem and a second liquid cooling subsystem. The first 
liquid coohng subsystem is disposed within an electronics drawer and positioned to 
extract heat fi'om a heat generating component within the electronics drawer. A biasing 
mechanism is provided for mechanically forcing a first planar heat transfer surface of the 
first liquid cooling subsystem and a second planar heat transfer surface of the second 
liquid cooling subsystem coplanar when the electronics drawer is in a docked position to 
facilitate the transfer of heat from the first liquid cooling subsystem to the second liquid 
cooling subsystem. 

[0005] Methods for fabricating a thermal dissipation assembly for an electronics drawer 
of an electronics rack, and methods of cooling a multi-drawer electronics rack are also 
described and claimed. 

[0006] Additional features and advantages are realized through the techniques of the 
present invention. Other embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed invention. 

Brief Description of the Drawings 

[0007] The subject matter which is regarded as the invention is particularly pointed out 
and distinctly claimed in the claims at the conclusion of the specification. The foregoing 
and other objects, features, and advantages of the invention are apparent from the 
following detailed description taken in conjunction with the accompanying drawings in 
which: 
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[0008] FIG. 1 depicts one embodiment of a conventional air-cooled multi-drawer 
electronics rack; 

[0009] FIG. 2 is a partially cut away, perspective view of one embodiment of a 
conventional electronics drawer for the multi-drawer electronics rack of FIG. 1; 

[0010] FIG. 3 is a partially cut away, perspective view of one embodiment of an 
electronics drawer with a thermal dissipation assembly, in accordance with an aspect of 
the present invention; 

[0011] FIG. 4A is a side elevational view of one embodiment of a cooled multi-drawer 
electronics rack employing thermal dissipation assemblies, in accordance with an aspect 
of the present invention; 

[0012] FIG. 4B is a back elevational view of the cooled multi-drawer electronics rack 
embodiment of FIG. 4A, in accordance with an aspect of the presentation; and 

[0013] FIG. 5 is a partially cut away, perspective view of an alternate embodiment of an 
electronics drawer and thermal dissipation assembly, in accordance with an aspect of the 
present invention. 

Best Mode for Carrying Out the Invention 

[0014] As used herein, "electronics drawer" comprises any receptacle, compartment, 
node, book, etc., containing one or more heat generating components of a computer 
system or other electronics system requiring cooling. The term "electronics module" 
includes any heat generating component of a computer system or electronics system and 
may be, for example, one or more integrated circuit devices, or one or more packaged 
electronics devices (such as a processor module). 
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[0015] FIG. 1 depicts one embodiment of a conventional multi-drawer electronics rack, 
generally denoted 100. Rack 100 includes a frame or housing 110 having ventilated 
covers 120 over multiple sides thereof to allow for flow of air through the housing. Rack 
100 also includes a plurality of electronics drawers 130, one or more of which are 
removable so that the electronics drawer can be readily replaced in the event of failure. 

[0016] Multi-drawer electronics rack 100 is conventionally cooled by forced air flow, for 
example, produced by fans 160 in the individual electronics drawers as shown in FIG. 1. 
Air cooled heat sinks 150 are used to dissipate heat from the high power components, 
such as electronics modules 140 in the drawers. 

[0017] FIG. 2 depicts a partially cut away, perspective view of a conventional electronics 
drawer 130. In this figure, the air cooled heat sink 150 is shown to comprise a pliurality 
of fins which extend upward from a base surface mechanically coupled to electronics 
module 140. Module 140 is mounted on a module socket 205. Fans 160 direct air flow 
through the air cooled heat sink 150 from one side of electronics drawer 130 to air 
exhaust events 220 on an opposite side of the drawer. Electronics drawer 130 is also 
shown to include electronics cards 200 and a hard drive 210, i.e., in this embodiment. As 
noted above, as circuit density and power dissipation of integrated circuit chips continues 
to increase, it is becoming increasingly difficult to remove heat by simple passive or 
forced air cooling and still maintain reasonable chip temperature for circuit performance 
and reliability. 

[0018] One possible solution to this problem would be to attach water cooled cold plates 
to the electronics modules within the electronics drawer(s) and provide hoses to bring 
water into and out of each electronics drawer. Although this solution is capable of 
providing the required cooling capability, it would be undesirable and impractical in 
respect to opening/removing the electronics drawer. This solution would require extra 
hose lines to accommodate the drawer travel. The extra hose lengths would be difficult 
to stow away when the drawer is in a docked position. If a drawer has to be removed, the 
connections would have to be broken raising the risk of accidental coolant spills on the 
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electronics and would probably necessitate the use of quick disconnects on the hoses, 
with their added pressure drops. 

[0019] An alternative and enhanced solution to the problem is depicted in FIG. 3, which 
shows one embodiment of a thermal dissipation assembly in accordance with an aspect to 
the present invention. Generally stated, this thermal dissipation assembly includes a first 
liquid cooling loop disposed within the electronics drawer 300 to provide the advantages 
of liquid cooling (e.g., water cooling) via a modular cold plate attached to the electronics 
module, without the necessity of coolant lines leaving the drawer. Instead, coolant is 
circulated by active or passive means within the electronics drawer through a heat 
rejection cold plate. Through an opening in the back of the electronics drawer, the heat 
rejection cold plate is made to contact a system cold plate in a secondary or system liquid 
cooling loop, carrying (for example) cooling water supplied by external means such as a 
coolant distribution unit (CDU) or a utility water cooling supply. 

[0020] A biasing mechanism is used to provide a mechanical force required to achieve 
good thermal contact between the heat rejection cold plate and the system cold plate. In 
particular, a first main planar surface of the heat rejection cold plate fixnctions as a first 
planar heat transfer surface and a second main planar surface of the system cold plate 
functions as a second planar heat transfer surface, and when the electronics drawer is 
docked in the multi-drawer electronics rack, the biasing mechanism applies a 
perpendicular force to at least one of the first and second planar heat transfer surfaces in 
order to force the surfaces coplanar and thereby facilitate efficient transfer of heat firom 
the first liquid cooling loop to the second liquid cooling loop. This approach also allows 
the electronics drawer to be opened and removed without breaking or disconnecting any 
coolant lines. 

[0021] Referring more particularly to FIG. 3, one embodiment of an electronics drawer 
300 in accordance with aspect to the present invention is depicted. In this embodiment, 
an enhanced thermal dissipation assembly is provided which includes a first cooling loop 
disposed substantially intemal to the electronics drawer and a second cooling loop 
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disposed external to the drawer. This thermal dissipation assembly can be characterized 
as an elastically coupled cold plate cooling system with an active primary cooling loop 
within the drawer (i.e., the first cooling loop). This first cooling loop includes the 
module cold plate 320 mechanically coupled to a processor module 310 which resides in 
a module socket 315. A pump 330 circulates coolant, such as water, through elastic 
cooling lines 325a, 325b between module cold plate 320 and heat rejection cold plate 
335. A system cold plate 340 is cooled by an external water supply (not shown) and is 
mounted opposite the backside of the electronics drawer. The heat rejection cold plate 
335 is allowed to project a small distance (e.g., 0.1 to 0.2 inches) out an opening in the 
back of the drawer, and is attached to biasing springs 336, which in tum are attached to a 
pressure plate 338 fixedly mounted to the drawer chassis. Pressure plate 338 is 
positioned so that when the electronics drawer is docked, springs 336 are compressed 
forcing the heat rejection cold plate 335 into good thermal contact with the system cold 
plate 340 with a planar main surface of cold plate 335 (comprising a first planar heat 
transfer surface) and a planar main surface of system cold plate 340 (comprising a second 
planar heat transfer surface) forced coplanar to facilitate the transfer of heat firom the first 
liquid cooling subsystem to the second liquid cooling subsystem. 

[0022] The electronics drawer 300 of FIG. 3 is also shown to include a fan 160 for 
generating air flow across electronics cards 200 and a hard drive 210, with the air being 
exhausted through air exhaust vents 220. 

[0023] FIGS. 4A and 4B depict one embodiment of a cooled multi-drawer electronics 
rack, generally denoted 400, in accordance with an aspect of the present invention. This 
electronics rack has a plurality of electronics drawers 430, all of which are shown docked 
within the chassis of the electronics rack except for drawer 430b which is shown open or 
undocked (for example, for servicing). Each electronics drawer is assumed to include a 
thermal dissipation assembly such as depicted in FIG. 3, with a heat rejection cold plate 
335 in physical contact with a planar main service of a system cold plate 340. The 
docked drawers are assumed to be powered and cooled. Also, as shown in FIG. 4B, a 
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monolithic system cold plate can be employed to extract heat from the heat rejection cold 
plates of the various drawers. Cold plate 440 includes an inlet cooling line 442 and an 
outlet cooling line 444 through which coolant flows to remove heat from system cold 
plate 440. It will be appreciated that, alternatively, the single system cold plate could be 
replaced in function by any number of smaller cold plates plumbed in series or parallel. 

[0024] FIG. 5 depicts an alternate embodiment of a thermal dissipation assembly 
disposed within an electronics drawer, in accordance with an aspect of the present 
invention. This alternative embodiment employs a passive (i.e., no pump) primary 
cooling loop within the electronics drawer. As shown, a heat pipe or thermosiphon 
assembly is used to cool a processor module 510 disposed on a module socket 515. This 
assembly includes an evaporator heat transfer block 520, a condenser heat transfer block 
530, and multiple heat pipes 525a, 525b, 525c connecting the evaporator 520 and the 
condenser 530. The evaporator heat transfer block 520 is attached to a surface of the 
electronics module 510. The condenser heat transfer block 530 is mounted to a retention 
plate mechanically tied down to the drawer chassis. 

[0025] A module system cold plate 530 is provided for each electronics drawer in the 
rack and is mounted via springs 550 to a mounting plate 560 mechanically tied to the rack 
frame supporting the drawers. In this embodiment, the modular system cold plate 540 is 
allowed to project a small distance through an opening in the back of the electronics 
drawer when the drawer is undocked. When the drawer is docked, the condenser heat 
transfer block 530 contacts the modular system cold plate 540 and causes the springs to 
compress. The reaction force due to the compressed springs provides the mechanical 
force which ensures coplanarity between the first planar heat transfer surface of the 
condenser heat transfer block 540 and a second planar heat transfer surface of the module 
cold plate 530. This ensures good thermal contact between the condenser 530 and the 
module cold plate 540. A liquid coolant line 545 is also shown in the figure, as are fan 
160, electronics cards 200, hard drive 210, and air exhaust vents 220, by way of example. 
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[0026] Although preferred embodiments have been depicted and described in detail 
herein, it will be apparent to those skilled in the relevant art that various modifications, 
additions, substitutions and the like can be made without departing from the spirit of the 
invention and these are therefore considered to be within the scope of the invention as 
defined in the following claims. 
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